Dynein dysfunction disrupts intracellular vesicle trafficking bidirectionally and perturbs synaptic vesicle docking via endocytic disturbances a potential mechanism underlying age-dependent impairment of cognitive function.
Although genetic studies have demonstrated that β-amyloid protein (Aβ) plays a pivotal role in Alzheimer's disease (AD) pathogenesis, how aging contributes to AD onset remains unclear. Moreover, growing evidence suggests that Aβ-independent mechanisms, such as altered intracellular signaling cascades and impaired neurotransmitter release, also are likely involved in this process. Cytoplasmic dynein, a microtubule-based motor protein, mediates minus end-directed vesicle transport via interactions with dynactin, another microtubule-associated protein. We previously showed that normal aging attenuates the interaction between dynein-dynactin complexes in monkey brain and that dynein dysfunction reproduces age-dependent endocytic disturbances, resulting in intracellular Aβ accumulation. In this study, we report that dynein dysfunction disrupts not only retrograde transport of neurotrophic receptors but also anterograde transport of synaptic vesicles, which occurs concomitantly with an increase in Rab3 GTPase levels. Additionally, synaptic vesicle docking was perturbed via enhanced endocytosis. Dynein dysfunction also induced neuritic swelling, which is accompanied by a significant accumulation of neurofilaments. Moreover, we also confirmed that the dynein dysfunction-related disturbances are associated with aging in monkey brains and that age-dependent endocytic disturbances precede Aβ abnormality. These findings suggest that dynein dysfunction can alter neuronal activity via endocytic disturbances and may underlie age-dependent impairment of cognitive function. Moreover, in the presence of other risk factors, such as intracellular Aβ accumulation, dynein dysfunction may contribute to the development of AD.